ABSTRACT OBJECTIVE: Adrenal masses usually represent benign and nonfunctional adrenal adenomas; however, primary or metastatic malignancy should also be considered. Discovery of an adrenal mass needs further evaluation in order to exclude malignancy and hormonal secretion. We present a rare case of a possibly primary adrenal malignant melanoma with imaging and biochemical features of a pheochromocytoma. CASE REPORT: A 61-year-old male farmer was referred for evaluation of a mass in the right supraclavicular region and a left adrenal lesion. The patient had a history of a multifocal papillary and medullary thyroid carcinoma. Laboratory tests revealed increased 24hour urinary dopamine and also increased serum calcitonin and neuron specific enolase. A pathology report of the resected right supraclavicular mass and left adrenal showed a malignant melanoma. CONCLUSION: This is a case of a possibly primary adrenal malignant melanoma with imaging and biochemical features of a pheochromocytoma. Although this case is very rare and there are rigid diagnostic criteria for the diagnosis of primary adrenal melanoma, it underlines the fact that the differential diagnosis of a dopamine secreting adrenal mass should include primary or metastatic malignant melanoma in order to determine the best diagnostic approach for the patient and select the most appropriate surgical management.
INTRODUCTION
Pheochromocytomas are catecholamine-secreting tumors arising from the adrenal medulla. They present either as solitary tumors (unilateral or multifocal) or in conjunction with other endocrine neoplasms. When concurrent with medullary thyroid carcinoma they can be a major component of multiple endocrine neoplasia type 2 (MEN2), whose genetic basis is a germline mutation in the RET proto-oncogene. 1 Discovery of an adrenal mass requires further evaluation in order to exclude malignancy and hormonal secretion. 2, 3 Metastasis of cancer cells to the adrenals is not very uncommon, because of the rich blood supply of these glands, and reflects an advanced stage of several types of malignancies such as lung, renal and colon cancer. 4, 5 Malignant cutaneous melanoma is a particularly life-threatening type of skin cancer that is derived from melanocytes normally present in the epidermis. 6, 7 While adrenal gland metastases can be seen in the context of metastatic malignant melanoma, primary adrenal melanoma is extremely rare and only a small number of cases have been published in the literature. [8] [9] [10] Herein we report a unique case of a possibly primary malignant adrenal melanoma, which had biochemical and radiological findings suggestive of a pheochromocytoma, in a patient with a history of a medullary and papillary thyroid carcinoma.
CASE DESCRIPTION
A 61-year-old male farmer was referred for evaluation of a mass in the right supraclavicular region and a left adrenal lesion. There was nothing noteworthy in the patient's family medical history. The patient had a history of total thyroidectomy with central and right lateral cervical lymph node dissection three years previously. The histopathological examination was positive for medullary carcinoma and multifocal papillary thyroid carcinoma, both metastatic to regional lymph nodes. He had received radioiodine ablation therapy and was under thyroxin suppression therapy. Further imaging studies were negative. Genetic testing for RET proto-oncogene mutation revealed a common polymorphism in exon (c.2071 G>A/p.G691S) and a synonymous variation in exon 15 (c.2712 C>G/p. S904S). During follow-up, due to the neck swelling, he underwent a neck ultrasound and a 2-(18F) fluoro-2-deoxy-D-glucose positron emission tomography/ computed tomography (18F-FDG PET/CT). The ultrasound revealed a solid hypoechoic mass measuring 5cm in the right supraclavicular region, identified as lymph nodes. The 18-FDG-PET/CT revealed a significant tracer uptake in the right supraclavicular region, the anterior upper mediastinum and the left adrenal gland (Figures 1A & 1B) .
At presentation he did not complain of any fever, dizziness, weight loss, abdominal pain or any other symptoms. His blood pressure was 120/80mmHg, with a regular heart rate of 75beats/min and body temperature of 36.5°C. Physical examination confirmed the presence of a painless, well-defined, firm mass in the right supraclavicular region. The adrenals were not palpable. Laboratory tests revealed increased 24hour urinary dopamine and catecholamine levels as well as serum neuron specific enolase (NSE) ( Table 1) , suggestive of the presence of a pheochromocytoma. Increased levels of serum calcitonin were also detected (Table 1) .
A computed tomography (CT) scan of the chest confirmed the block of lymph nodes measuring 5.5cm in the right supraclavicular area and a large, solid, inhomogeneous mass in the left adrenal gland. Magnetic resonance imaging (MRI) of the abdomen revealed a solid left adrenal mass measuring 88.5mm, with inhomogeneous contrast enhancement agent and a low diffusion rate ( Figure 1C) . The mass was identified as a pheochromocytoma. In 111-Pentetreotide (OctreoScan) scintigraphy demonstrated a significantly increased tracer uptake in the right supraclavicular region, the anterior upper mediastinum and the left adrenal gland ( Figure 1D ). The CT scan of the chest did not show the mass to be in the anterior upper mediastinum as seen on OctreoScan. However, metaiodo-benzyl-guanidine (I 131 MIBG) scintigraphy was negative.
Three days prior to the operation, the patient was urgently subjected to a new CT scan due to the sudden onset of abdominal pain. The CT revealed a significant increase in the adrenal tumor size (from 88.5mm to 16.5cm), possibly due to intratumoral hemorrhage. Right supraclavicular lymph nodes dissection and open left adrenalectomy were performed. A well-defined, encapsulated, inhomogeneous mass of the adrenal gland with hemorrhagic and necrotic areas was removed. The tumor was 16.5×10.7×10cm in diameter and weighed 761 gr. Intraoperatively, no distant metastasis or infiltration of the surrounding lymph nodes and organs were detected. The patient had an uneventful recovery and was discharged on the seventh postoperative day. differentiated malignant neoplasm was observed, composed of spindle-shaped or epithelioid cells, with eosinophilic cytoplasm, markedly atypical and pleomorphic nuclei with prominent nucleoli, abundant mitoses and areas of necrosis.
Immunohistochemical evaluation of both specimens showed strong positivity for S-100 protein ( Figures 2C & 2D) , melanoma-associated protein A (Melan-A), human melanoma black-45 (HMB-45), microphthalmia-associated transcription factor (MiTF), tyrosinase and vimentin; immunostaining for cytokeratins, inhibin, synaptophysin and chromogranin, smooth muscle actin and desmin was negative. The strong positivity of S-100 conjunction with the other immunohistochemical markers confirmed the diagnosis of a metastatic, highly aggressive malignant melanoma as per the established criteria. 11 The diagnosis was confirmed on independent histological review.
The patient was reevaluated following the pathology report. After that he was subjected to a thorough dermatological examination and an endoscopy of the gastrointestinal tract which were all without remarkable findings. Postoperative laboratory tests are shown in Table 1 . Serum calcitonin levels remained increased in contrast to dopamine and NSE levels which returned to the normal range. In addition, postoperative OctreoScan did not demonstrate a tracer uptake in the right supraclavicular region and the left adrenal gland, except for a significant tracer uptake in the lymph nodes of the anterior upper mediastinum which were not removed at this stage.
A genetic test for BRAF gene V600E mutation was negative. The patient received chemotherapy with dacarbazine. He died eight months after the initial diagnosis of malignant melanoma and no autopsy was performed.
DISCUSSION
In this article, we report a rare case of concomitant thyroid carcinoma (papillary and medullary) with a probably primary adrenal malignant melanoma mimicking a pheochromocytoma. Malignant cutaneous melanoma derives from melanocytes normally present in the epidermis. Adrenal glands are usually involved in metastasis from melanoma of the skin or the ocular apparatus (choroid plexus), and less frequently from other tissues like upper respiratory system or gastrointestinal tract. 12, 13 Our patient was entirely asymptomatic at presentation and was taking only levothyroxine. The clinical presentation of pheochromocytomas is due to the release of catecholamines, namely epinephrine, norepinephrine and dopamine into the circulation. Predominance of dopamine excretion has been associated with lack of the characteristic symptoms indicative of catecholamine excess and sporadic cases of either asymptomatic, hypertensive or hypotensive patients have been published.
14 Dopamine-secreting pheochromocytomas have been associated with higher rates of malignancy. In most cases dopamine-secreting pheochromocytomas are presented as a large adrenal mass causing mass effects and are often already metastatic at presentation. Urine catecholamines and metanephrines have been considered as the golden standard in evaluating a patient suspected for pheochromocytoma. 14, 15 In addition, measurements of methoxytyramine in plasma and urine could be used as a marker of dopamine-producing tumors. 16 Adrenal melanomas, primary or metastatic, are usually discovered incidentally during routine imaging of the abdomen and are most commonly asymptomatic. Should they exist, signs or symptoms are non-specific and patients manifest pain, fever, nausea, vomiting or abdominal discomfort due to mass effects of the malignancy. 17, 18 The present case had increased serum NSE and 24-hour urinary dopamine levels preoperatively which returned into the normal range after surgery (Table  1) . High circulating levels of NSE have been found in patients with various neuroendocrine tumors, including pheochromocytomas (in 50% of cases) and have been associated with poor tumor differentiation. 19 NSE has also been proposed as a serum marker for melanoma, particularly in patients with advanced stage disease. 20 Our patient had increased serum calcitonin levels three years after total thyroidectomy with central and right lateral cervical lymph node dissection, which means that there was probably a recurrence of medullary thyroid carcinoma. The FDG-PET/CT and OctreoScan revealed a significant tracer uptake in the lymph nodes in the anterior upper mediastinum that were not removed in the surgery. However, it is unlikely that these lymph nodes represent a metastasis of medullary thyroid carcinoma. The sensitivity of FDG PET/CT is extremely variable because it is strictly correlated as much with the tumor's size, its proliferation and its differentiation index as with serum calcitonin levels. 21 FDG-PET/CT has a 78% sensitivity with serum calcitonin levels above 1000 pg/ml and 20% in patients with serum calcitonin levels around 500pg/ml. MIBG scintigraphy, which was negative in our patient, was also used for the detection of metastatic medullary thyroid carcinoma but with poor diagnostic accuracy due to a very low sensitivity rate around 25-30% and a high specificity value around 95%. OctreoScan was also used for the detection of medullary thyroid carcinoma with sensitivity values ranging from 37% to 75% because of the inhomogeneous distribution of somatostatin receptors in MTC tissue and their lower levels. 22 Our patient had serum calcitonin levels ranging from 217pg/ml before surgery to 351pg/ml after surgery, negative MIBG and positive OctreoScan and FDG PET/CT for the adrenal and the suppraclavicular lesions which were identified in histological examination as malignant melanomas. OctreoScan and FDG PET/CT which were positive for the lymph nodes in the anterior upper mediastinum and not removed in the surgery performed were more suggestive of malignant melanoma.
Catecholamine synthesis in melanoma seems to be related to the neural crest origin of melanoma cells. Chromaffin cells of the medulla and melanocytes have a common embryogenesis from the neural crest, derived from embryonic neuroectoderm (neural tube epithelium), explaining the development of primary melanoma in the adrenal gland. 23 In human melanoma cell lines increased levels of catecholamines are produced. 24 Melanomas produce dopamine, serotonin and adrenaline. 23, 24 In patients with malignant melanoma, high levels of 3,4-dihydroxyphenylalanine (DOPA) and dopamine are excreted in urine, especially at more advanced stages of the disease. 25 Tyrosine is derived from hydroxylation of phenylalanine. Normal and malignant melanocytes express the enzyme tyrosine hydroxylase, a copper-containing enzyme, that catalyzes the first steps of the biosynthetic pathway of melanins from tyrosine initially and DOPA subsequently, leading to conversion of the latter to dopaquinone (a melanin precursor). DOPA is oxidized to dopaquinone by DOPA oxidase, an enzyme occurring in melanin granules. 25, 26 In melanoma tissue there is induction of tyrosine hydroxylase leading to production of DOPA. Activity of DOPA decarboxylase converts part of DOPA to 3,4-dihydroxyphenylethylamine (dopamine, DA). The pattern of excretion shows a wide variation among patients possibly due to modifications in structure or the enzymatic potency of tyrosine hydroxylase in melanoma tissue. 25 High urinary dopamine and melanuria in patients with adrenal melanoma have been described. 26 The biosynthetic pathway of melanins and catecholamines is presented in Figure 3 . The CT scan revealed a large, solid, inhomogeneous adrenal mass. Then, on MRI scan an 88.5mm solid mass with inhomogeneous enhancement of the contrast agent and low diffusion rate was confirmed. Generally, on CT scan, large pheochromocytomas (>2-3cm) can be inhomogeneous with areas of hemorrhage and low attenuation necrosis. On MRI, after contrast administration, pheochromocytomas enhance avidly and have a prolonged washout phase, at least in their viable areas, while necrotic parts of the tumor do not enhance. 27 Adrenal metastases are usually presented with similar imaging features on MRI as well. 28 Another imaging diagnostic tool for the detection of neuroendocrine tumors is somatostatin receptor scintigraphy. Our patient had a positive OctreoScan. Pheochromocytomas sometimes express somatostatin receptors, but most of the times benign tumors are octreotide-negative (66%-75%), even though they appear MIBG-positive. However, octreotide scintigraphy has 90% sensitivity in detecting malignant-metastatic pheochromocytomas and paragangliomas. 27, 29 Similarly, octreotide scintigraphy showed a sensitivity and specificity of 87% and 94%, respectively, for diagnosing metastases from malignant melanomas. 30 OctreoScan was also used for the detection of medullary thyroid carcinoma with sensitivity values ranging from 37% to 75%, because of the inhomogeneous distribution of somatostatin receptors in MTC tissue and their lower levels. 19 An OctreoScan that was positive for the lymph nodes in the anterior upper mediastinum not removed in the surgery performed was more suggestive of malignant melanoma rather than a metastasis of medullary thyroid carcinoma.
Our patient's I 131 MIBG scanning was negative. MIBG is a noradrenaline analogue that is taken up by pheochromocytoma cells using the noradrenaline transporting system, and, when radiolabelled with I 131 or I 123 , it constitutes an imaging technique traditionally considered to be specific for the localization of pheochromocytomas. However, I
131 MIBG has 77-90% sensitivity and 95-100% specificity in detecting such tumors. 31 False negative results have been associated with dedifferentiation of the tumor as well as with exclusively dopamine-secreting pheochromocytomas for which the sensitivity drops to a level of 66%. 32 The differential diagnosis between benign and malignant lesions of the adrenal glands is not always easy. FDG-PET/CT provides both anatomical and functional information and the maximum standardized uptake value (SUVmax) is the best index to assess disease activity. An SUVmax cut-off value of 4.2 corresponds to a sensitivity of 88.6% and specificity of 88.2% in detecting malignant adrenal lesions. 33 Notably, our patient had an SUVmax of 4.7 in his adrenal mass, suggesting the presence of malignancy.
Our patient had a history of a multifocal papillary thyroid carcinoma concurrent with an adrenal malignant melanoma. There is a high prevalence of BRAF (V600E) activating mutations in papillary thyroid carcinoma, cutaneous malignant melanoma and hairy cell leukemia. Recent studies in the clinical trials of BRAF inhibitors in patients with malignant melanoma are promising for the treatment of this highly lethal disease. 34 Of note, a genetic test for BRAF (V600E) activating mutations was negative in our patient.
Adrenal glands are usually involved in metastasis from melanoma of the skin or the ocular apparatus (choroid plexus) and less frequently from other tissues like the upper respiratory system or gastrointestinal tract. 14, 17 In rare cases, adrenal melanomas can occur either as primary tumors, or as metastatic, but of unknown primary origin, in which case differential diagnosis before the pathology examination is impossible. Several rigid diagnostic criteria have been established for defining an adrenal melanoma as primary: i) malignant involvement of a single adrenal gland; ii) absence of another malignant melanoma site; iii) no previous excisions of pigmented mucous, cutaneous or eye lesions; and iv) exclusion of any hidden primary lesion preferably detected at autopsy. 35 Our patient reported the excision of an epidermal nevus, three years before presentation, which was not subjected to histological examination, after the reassurance of his dermatologist that it was non-significant. He also reported that a few months earlier he had been subjected to an ophthalmological examination which was normal. Clinical examination did not reveal any primary site of melanoma since the abovementioned dermatological examination and endoscopy of the gastrointestinal tract were without remarkable findings. In respect of the above rigid diagnostic criteria for accepting an adrenal melanoma as primary, our patient had a score of 3 to 4.
In conclusion, this rare case illustrates the difficulties in the differential diagnosis of a dopaminesecreting adrenal mass. Both adrenal melanomas and pheochromocytomas should be considered in the differential diagnosis of an adrenal mass, especially when the primary biochemical finding is increased urine dopamine excretion, in order to determine the best diagnostic approach for the patient and select the most appropriate surgical management.
